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Motivation

Comparative analysis of wide spectrum of organisms is
essential for understanding their adaptation to the
environment. All the organisms, although they share a
common ancestor adapt themselves to the environment
changes where they are living and evolve with different
variations of function, organization and phenotypic
features. Recent progress in genomics, bioinformatics and
physiological studies now allows for systematic exploration
of the adaptive mechanisms that lead to diversification of
biological systems. Therefore, the development of the
scientific framework for studying the evolution processes
and phenotypic variation is essential for the interpretation
of such events.
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CHISEL Algorithm: Level 1

First Level: Domain
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At this level, it is important to differentiate and cluster
sequences having varying functional domain composition
and sequence lengths. These differences may be due to
evolution of the organisms.




CHISEL Algorithm: Level 2 and 3

Second Level: Functional Classification

Third Level: Taxonomy Classification

Eir INFB16485491 Putative_zinc-binding_alcohol_dehgdrogenase_(ED-1.1.1.1)|

ir |NFBB924516 |NADPH :quinone_reduct ase_and_related_Zn-dependent _oxidoreductases.{EC.1.1,1,1}_ (NADPH_quinone_reductase_or_related_Zn-dependent..
ir INFA1271397 1Alcohol _dehydrogenase_{EC_1,1,1,1)
ir |NFB1694166 1 Alcohol _dehydropenase, _zinc-containing_(EC_1,1,1,1)
ir INFBBOB3385 | Hypothetical protein_HH2291

Eir INFB11668121 HHEuthetical_Protein_SE1958
ir INFA17616631 Pr‘uhahle_trans-2-enugl-[:uﬂ_r'eductase,_nituchundrial_Erecursor‘_(EC_1.3.1.33)| AI CO h O I
EirINF89292252IPruhahle_trans-2-ennﬂl-tnﬂ_reductase_i,_nitochnndrial_Precursor_(EC_1.3.1.33)
ir |NFBB562575] Trans-2-enoyl-Cof_reductase, -nitochondrial _precursor_{EC.1.3.1,38}_(Nuclear_receptor_binding.f act d e hyd rog e n ase
pir |HF095000341 Trans-2-enoyl-Cof.reductase, _hitochondrial precursor_(EC_1.3,1,38) supe rf ami I Wi t h
ir |NFABBI1665] Tr‘ans-2-enugl-[:uﬂ_reduct.ase,_nituchundrial_Erecur'sur'_(EC_l.S.l.Sﬂ)_(Hsthf =1)_{NRBF-1) p y

EirINFBiSB?BBBITrans-2-enoﬂl-toﬂ_reductase,_nituchundrial_rrecursnr_(EC_l.S.i.SB)_(Htthf -13_(NRBF-1) S I m I I ar d O m al n

EirINFBESBlBSSITrans-2-enoal—toﬂ_reductase._nituchundrial_rrecursnr-(EC-1.3.1.38)| L.
ir |NFO0B76490| Probable_trans=2-enoyl-CoR_reductase,_nitochondrial _precursor_(EC_1,3.1,38)| CO m p 0 S |t| O n .

pir INFB18858221Alcohol _dehydrogenase _{EC_1,1,1,1}

ir NFB18778251 Quinane_oxidoreductass (EC_L,6,5,57 Mem be rs Of th e

ir |NFB1995852 | Quinone_oxidoreductase_(EC.1,6,5,5)

ir |NFO19363711Quinone_oxidoreductase_{EC_1,6,5,5) | n |t| al CI u Ste r

ir |NFB1969176 INADPH: quinone_reductase, zinc-binding_alcohol _dehydrogenase_fanily_{EC_1,6.5,5) .

ir |NFB1971497 | Quinone_oxidoreductase_{HADPH:quinone_reductase) _{FC_1,6,5,5) pe rfo rm a Varl ety
Ll pirlNFB14157791Probable_zinc-containing_alcohol _dehydrogenase_(EC.1,1,1,1) 5
Ll pir INFBB43288315inilar to_quinone_oxkidoreductase Of Cl U Ste rS . At th IS
Llppir INFO1166767 |Quinone_oxidoreductase o ona

1 pir INFBOE39241 ProbahLe_HADP-dependent _oidoreductase_P2_(EC_L, 3,1, 74) level , the initial

Ll pir|NFO016B862 I HADP-dependent _Leukotriene_B4_12-hydroxydehydrogenase_(EC_1,3.1,74)_(ADRAB-F}_{15-oxoprostaglandi .

Ll pir|NFO0564276 1NADP-dependent _Leukotriene_B4_12-hydroxydehydrogenase_(EC_1,3.1,74}_{15-oxoprostaglandin_13-reduc CI u Ste r I S b ro ke n

Ll ppir INFo0793506 1L th4dh_protein o

Ll ppir INFAA118576 INADP-dependent _leukotriene_B4_12-hydroxydehydrogenase_{EC_1,3,1,74)_{15-oxoprostaglandin_13-reduc I n to S u b - C I u Ste rS
Ll pir|NFO0156708 I HADP-dependent _Leukotriene_B4_12-hydroxydehydrogenase_(EC_1,3.1,74)_{15-oxoprostaglandin_13-reduc H H

Lllpir INFB0192251 1 6lucose. dehydrogenase {EC.1,1,.1,47}_{Glucose_1~dehydrogenase) . Dhg-_1} Wh I C h Wi I I be

ir INFAB1916661Glucose_1-dehydrogenase_{Dhg=23_(EC_1,1,1,47} fu rth e r refl n e d

[ |

Llpir InFan1851281Glucose_1~-dehydrogenase)

Llpir|NFO01966381Glucose_1-dehydrogenase_{EC_1,1,1,47) 1

- ' based on function
[ |
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ir INFBB1981161Glucose_dehydrogenase_(EC_1.1,1,47)

ir INFB16657731Glucose_dehydrogenase_{EC_1,1,1,47) a n d ta.XO n o m y




CHISEL Homepage

CHISEL

high-resolution evolutionary analysis of enzymatic sequences

Home Search Classi Contact s Diowinload Helg

Tools CHISEL 15 an integrated framewotk for identification and charactenzation of taxonomic and phenotypic variations of enzymes.

PhyloBlocks The taxonomy-specific clusters of enzymatic sequences ate represented as computational models (HMM profiles, Pihls, consensus

BloBla sequences and multiple sequence alignments) available for download.

Cutrently Chisel contains 8575 models that ate both taxonomy and function specific. You can search Clisel clusters baged on taxonomy,

Related Resources phenotypic chatacteristics of the organisms, metabolic pathways and sequence feature characteristics.

PLIMAZ The classification page allows users to submt & sequence for prediction of function and possible tavotomy of the orgamsm of ongm.

GMNARE

;EIEETEE & Supnlemental Chisel was successfully used for the needs of evolutionary analysis, biodefense reseatrch and analyses of metagenomes. [View

=]
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Three Searching options

CHISEL

high-resolution evolutionary analysis of enzymatic sequences

Home Search Clagsify Contact us Ciowinload Help

There are different type of searches you can do;

Search hased on Seguence |0 and Frotein Family 3?/

Search based on:

« Phenotypic Characteristics (niche, salinity, termperature,

pathogenicity, and maore) /

+ Taxlineage

+« Paricipation in Metabolic Pathways

Project taxonomy specific clusters onto metabolic pathways .




CHISEL Search based on Seq. ID and Protein Family

CHISEL

high-resolution evolutionary analysis of enzymatic sequences

Home Search Classify Contact us Ciownload

Choose one of the following families below from which the analysis has to be done

& Pir
' Cog ( Mot implemented yet)
) Tigrfam ( Nat implemented yet )

Select one of the fields below for retreiving its related superfamilies from pir

EC Mumber v 111 g ’ retrieve ] ’reaet]
INPUT EXAMPLES
B Numher 1112 Get sequences based on EC
NCEI gi Number 49480910 Number, PIR SF or Gl for
FIR Supetfamily ID SF000193 Chisel Analysis and cluster

development.




Chisel Search by seq or protein family

Report for the SFO00193 family of sequences

FPIR Superfamily

PIR Superfamily name

Mumber of Sequences

EC distribution

Interpro Domains

Taxonomy distribution

SFOO0193

pyrroline-5-carbosxylate reductase

285
EC:1.51.2

IPEOO4455
IPEOOOSES

IFEO0S545

IPEO11128
IPEOOO=04

IPEOOS03S

IFEOOOZ05
IFEO0Z2E44

_— General Seed

Cluster Information

HMADFE omdoreductasze, coenmyme F420-dependent
Ghatarmine armudotransterase, class-11
t-phosphoghiconate dehydrogenase, MNAT -kinding
L-Aspartase-hke

[ 279 proteimns )
(7 proteins )

[ 2 proteins )
{11 proteins )

HMAT-dependent glycerol-3-phosphate dehwdrogenase, M-terrminal (1 proteins )

Drelta 1-pwrroline-5-carbozylate reductase
Eibosomal protein 32

Helz-turn-hels, Fiz-type
Armnaselfagmatinaseformimmoglitamase

Protein kinase

TBEATHIF -type IMATWEF AT binding fold

MAD-binding site
Methvlene-5,6,7, 8-tetrahv dromethanopterin dehywdrogenase
Aldehyde dehydrogenase

Homoserine kinase

& (13 proteins )

B (204 protemns )
E {66 proteins )

[ 280 protemns )
[ 1 proteins )
[ 4 proteins )

Interpro Domain
Composition of
Sequences

[ 3 proteins )
[ 2 proteins )
(7 proteins )

Send to Chisel |

Sequence List to
submit to Cluster
Analysis

[0 Select the sequences for performing chisel analysis (230 sequences are chosen for analysis)

ol 51974827

B

Bacillus cereus

pyrroline-S-carboxylate reductase [Bacillus cereus E331L]




Chisel Search by seq or protein family

Clusters of proteins on which blocks can be created

F Cluster 1

Evidence: Comunan micrpro domains, taxonomy and function composition

[] i 71852692  (256)
[ 2i19745290  (256)
[ =i 28810246  (256)
[] 250902564  (256)
L Cluster 2

EC_1.5.1.2
EC 1.5.1.2
EC_1.5.1.2

EC_1.5.1.2

E

Streptococous
pvogenes
Streptococcous

pyogenes
Streptococcus

pyogenes
Streptococcus
pyogenes

Streptococcus
pyogenes
Streptococcus

pyogenes
Streptococcus
pyogenes
Streptococcus
pyogenes

Edence: Common nterpro domains, taxonomy and funciion composition

[ oi1l037704  (290%
[ =i 27355737 (292)
[] 539651285  (280)
[]gil3475432 (271)
L Cluster 3

EC 1.5.1.2
EC_1.5.1.2
EC_1.5.1.2

EC_1.5.1.2

=)

Fhizohales

Fhizohales

Fhizohiales

Rhizohiales

Bradyrhizobium
japomicum
Bradyrhizobium
japonicum
Ehodopseudomonas
palustris

IMesorhizohium ot

Edence: Common nierpro domains, taxonomniy and function composition

[] =i 15595590

[] =i 24986881

[] =i 28855415

[273)

(272)

(272)

EC_1.5.1.2

EC_1.5.1.2

EC_1.5.1.2

B

: Pzeudomonas
Carnmaprotechacteria .
aeruginnsa
: Pzeudomonas
Carnmaprotechacteria .
putida
Pzeudomonas
Gammaproteobacteria  synngae group

genormosp. 3

M ethlnenecriis

Taxonomic and function specific
Chisel clusters generated giving
similar characteristics of the
seqguences within the clusters

pyrroline-S-carhomxylate reductase
[Btreptococcus pyogenes MIGASS005]
putative pyrrolineg carbosylate reductase
[Streptococcus pyrogenes MOGASE2EZ]
putative pyrrohne carboxylate reductase
[Streptococcus pyogenes S51-1]
Pyrroline-5-carbosxylate reductase
[Btreptococous pyogenes MGAS10394]

delta 1-pyrroline-5-carhoxylate reductase
[Bradyrhizobium japomcum)]

delta 1-pyrroline-5-carbozxylate reductase
[Bradyrhizobium japonicum TSDA 110]
pyrrohne-5-carboxylate reductase
[Fhodopseudomonas palustris CGA009]
pyrrobine-5-carboxylate reductase
[Mesorbuzobium lott MAFF303099]

pyrroline-5-carhosxylate
reductase [Pseudomonas
aetuginosa PAC
pyrroline-5-carhosxylate
reductase [Pseudomonas
putida KT2440]
pyrroline-5-carhosxylate
reductase [Pseudomonas
syringae pv. tomato str.
DC3000]

pirroline-5-carhoylate

[FRO00504

[FRO00504

IPROOO304

IPRO00304 IFRO04455
IPROO0Z04 IPROO445%
IPRO00304 IPRO04455

IPRO00Z04 IPROO4455

IPROO0Z04 IPROO445%

IPRO00Z04 IPROO4455
IFPRO0O0Z04 IFPRO04455

IFEO00504 TPEO04455

IFPEO04455

IFPEO04455

IPRO04455



Chisel Search by Phenotypes or metabolic
pathways

Select the parameters below to refine your search of Chisel clusters containing:

You Must Select a Kingdom:

1. M Bacteria V] Archae V] Eukaryote 2. SuperFamily ID:
3. Metabolic Pathway Involvement: MO SELECTION w
4. Search only Taxonomic Specific Clusters: O Yes & Mo

6. Select Phenotype Characteristics:

5. Tax Limeage Keyword: OAND ®OR
a. Ewnvironment Micha: b Salimityr
- 1 e e
7. EC Number: Aguatic Extreme halophilic
Host-associated » kesaphilic bl

[l Clusters containing [ Chasters containing

9. Sort By: Tax ID & Org N . ; . ;
oLk LI (S e only specified options  only specified options
o Cygen: d. Temperatura:
Ea B
. Aerobic Hyperthermophilic
[ Fefine Table Below ] Clear Anaerobic b kMesophilic b

[l Clusters containing [ Chasters containing
Chisel allows to search specific only speciied options - only specified options
clusters based on several & Pathogenicity: f Energy Source:
phenotypic and function _ A ,
. - . Animal chemoautotrophic
characteristic or metabolic Animal, Birds + | ||chemoautotrophic or chemoheteratrophic v

pathway involvement O Clusters containing [ Chisters containing
only specified options only specified options

A




Chisel Search by Phenotypes and Pathways

Chisel Cluster: EC 1.1.1.1 - Bacteria - Bacteria Type [ SF000091 8 B Bacterial

Enzyme Classification:
PIF. Superfamily:

Pathways lmvobeed:

Common Taxonomy:
Reactions:
Diseases:

Gl
[Jconsensus

Can
[ 26453321

Sequence
Description

Alcohol dehydrogenase

1.1.1.1 {alcaohol dehydrogenase)
alcochol dehydrogenase [SFO000091

Glycerophosphalipid metabolisim Tyrosine metabalism Bile acid hiosynthesis -

View Features

Gluconeogenesis Ghveerolipid metabolism  Fatty acid metabolism  Aminophosph

, Bactera

Chisel displays Cluster
characteristics such as EC,
Metabolic Pathway, common
taxonomy, phenotypic
characterisics and more.

EO0G23 RO0G24 ROOYS54 ROT036 RO1041 E04305 R0428280 ROG917 ROGY2T 1.1.1.10

MM 103720 Alcohol debydrogenase 1B (class [, beta polypeptide 1.1.1.1

Organisms Phenotypes

Organism

hycoplasima penetrans

[1z2g272178
[] 15459343
[ zg271191

[] 13475822
[] 14523738
] 1413900

Alcohol dehydrogenase
Alcohol dehydrogenase
Alcohol dehydrogenase

Alcohol dehydrogenase
FProbable alcohol

Alcohol dehydrogenase

Lactobacillus plantaram

Streptococcus pneumoniae

Lactobacillus plantaram

Mesorhizobium [oti

Sinorhizobiurm meliloti

Cupriavidus necator

Habitat

Host-
associated
Host-
associated

lultiple

Host-
associated

lultiple
lultiple

Terrestrial

Salinity Oxygen

Man-
halophilic

Facultative
= Facultative
--- Facultative
= Facultative

- Aerohic
- Aerohic

- Aerohic

Carbon/Enerqgy

Temperature | Pathogenicity Source

Mesophilic Human chemoorganatraphic
Mesophilic Mo chemoorganatraphic
Mesaphilic Human chemoorganotrophic
Mesophilic Mo chemoorganatraphic
Mesaphilic Mo -

Mesaphilic Mo chemoorganotrophic
Mesaphilic Mo chemoheterotrophic

Enzyme Classification:
PIR Superfamily:

1.1.1.1 {alcohol dehydragenase)
shor-chain dehydrogenase [SFEO00092

Pathways Invobved:

Common Taxonomy:

Reactions:
Diseases:

Gl
[Janl Cconsensus

1152042
[1 2870
[1 156841

AETaTA

Glvcerophospholipid metabolism  Tyrosine metabolism Bile acid biosynthesis 1- and 2-h

Gluconeogenesis Ghoerolipid metabalistm Fatty acid metabolistm Aminophosphonate m

Eukaryota, Fungiitetazoa group, Metazoa, Eumetazoa, Bilateria, Coelamata, Frotostamia, P4

Pancrustacea, Hexapoda, Insecta, Dicondylia, Pterygota, Meoptera, Endopterygota, Diptera, H

Acahlvptratae, Ephydroidea, Drasophilidae, Drosaphilinge, Drosaphiling, Drosaphilina, Drosa
ROOE23 ROOGZ4 ROOVS4 RO1036 RO1041 RO4805 RO4880 ROGS1 7 ROBS2Y 1.1.1.10

Mikd: 103720 Alcohol dehydrogenase 1B (class I, beta polypeptide 1.1.1.1

Sequence
Description

Alcohol dehydrogenase
Alcohol dehydrogenase
Alcohol dehydrogenase

N B L B o T e T

Color bar indicates
sequences belong to
different PIR
superfamily cluster.

Organisms Phenotypes

Organism Habitat Salinity Oxygen

Drosaphila persimilis --- --- -

Drosaophila pseudoabscura --- --- -

Drosaphila subobscura --- --- -

L T ] e e P T P

Carbon/Energy

Temperature
Bers Source

Pathogenicity



Chisel Search Feature results

[ Send to Phyloblocks

] [ Send to Clustality ] [

Sendto POAVIZ | |

Wiew DNAFASTA contig |

Chisel Cluster: EC 1.5.1.2 - Bacteria - Proteobacteria Type [ SE000193 5 B Protechacterial

Enzyme Classification:
PIR Superfamily:

Pathways Involved:

Common Taxonomy:

1.5.1.2 (pyrraline-5-carboxylate reductase)
pyrraline-5-carbaxylate reductase [ SF000193)

Lrea cycle and metabolism of amino groups  _Aminoacyl-tH
Arginine and proline metabolism

Bacteria, Protechactera

Reactions: FEO1248 RO1251 BO3291 BO3293
Diseases:
Structural and Feature Data
Sequence
&l Cdconsensus == L PDB
FDB XREF 1¥0QG
O Gl7225275 Sequence length &5 151 197 263
Pyrroline-5- | 50 nonazas (263 aa)
carboxylate TOEAT [IEA) 2450 ]
rerf“.“tas‘? GO:0016491 2AMF
eissaria
R IEA
meningitidis [EA) 2AHR
Cofactor-= Mo Data 1508 —
FDB XREF ----
[0 =159719114 Sequence length &5 151 197 263
Putative pyrroline-5- | 50 qona73s (263 aa)
carboxylate TOEAT [EA) 2450 ]
rel\?;izt:esr?a G0:0016431 2AMF
S —— IEA
gonorrhoeae [EA) 2AHR
Cofactor-= Mo Data 1508 —

“esimilarity: 39.28]

Chisel also displays Cluster
characteristics regarding Feature
and structure composition.

Features

Sequence length
(263 aa)
ACTIWE CENTER
DOMAIN
HELIX
MOTIF
SALT BRIDGE 1
SALT BRIDGE 2
SALT BRIDGE 3
SALT BRIDGE 4
SALT BRIDGE &
STRAMD
TURM

Sequence length
(263 aa)

] B3 131 147y 283

] ) 131 14y 2683

CATH



CHISEL Cluster Query

CHISEL

high-resolution evolutionary analysis of enzymatic sequences

Home Search Classify Contact us Diowenload Help

The classification page allows users to submit a sequence for prediction of function and possible taxonomy of the organism of origin

Diue to large gquantities of Chisel families, the classification will take several minutes. Please be patient. WYe are working on this to make the classification process
guicker.

Upload the fasta file of sequences

Enter the sequences in fasta format

Faegl
aftddrewsdweraal ledewgogogsdrt

Search any sequence for
cluster similarity against the

HMM Chisel profiles




CHISEL Cluster Query Results

It takes a while for the results to be displayred

Cluery
Seguence:
Accession:

Description:

Wode!
SFO00147

17432086

[none]

FROBABLE SUCCINATE-SEMIALDEHYDE DEHYDROGENASE OXIDOREDUCTASE

21 B Bacterial

=F000147

28 B Hacterial

SFO00147

3 B Bacterial

=FO00147

30 B Rhizobiales1

=F000147

289 F Fukaryotal

=FO000147

17 _B Bacterial

SF000147

1 _B Bacterial

SFO00147

23 B Proteobacterial

SFO00147

E B Bacterial

=FO00147

13 B Bacterial

SFO00147

5 B Bacterial

SFO000147

15 B Bacterial

SF000147

20 B Proteobacterial

SFO00147

18 B Bacterial

=FO00147

17 B Bacterial

SFO00147

15 E Eukaryotal

SFO00147 22 E Fukaryotal

SFO000147

4 B Bacterial

FROTEIM [Ralstonia solanacearum]

Descrption

1.2.1.16 succinate-semialdehyde dehydrogenase [NAD(P] (Bacterial version)
1.2.1.16 succinate-semialdehyde dehydrogenase [NAD(PY] (Bacterial version)
1.2.1.16 succinate-semialdehyde dehydrogenase [NAD(P)] (Bacterial version)
1.2.1.16 succinate-semialdehyde dehydrogenase [NAD(F)] (Bacterial version)
1.2.1.24 succinate-semialdehyde dehydrogenase (Eukaryatic version)

1.2.1.3 aldehyde dehydrogenase (MAD) (Bacterial version)

1.2.1.5 betaine-aldehyde dehydrogenase (Bacterial version)

1.2.1.39 phenylacetaldehyde dehydrogenase (Bacterial version)

1.2.1.3 aldehyde dehydrogenase (NAD) (Bacterial version)

1.2.1.3 aldehyde dehydrogenase (MNAD) (Bacterial version)

1.2.1.3 aldehyde dehydrogenase (MAD) (Bacterial version)

1.2.1.3 aldehyde dehydrogenase (MAD) (Bacterial version)

1.2.1.22 lactaldehyde dehydrogenase (Bacterial version)

1.2.1.3 aldehyde dehydrogenase (NAD) (Bacterial version)

1.2.1.3 aldehyde dehydrogenase (NAD) (Bacterial version)

1.2.1.3 aldehyde dehydrogenase (MNAD) (Eukaryatic wersion)

1.2.1.8 betaine-aldehyde dehydrogenase ([Eukaryotic version)

1.2.1.16 succinate-semialdehyde dehydrogenase [NAD(P] (Bacterial wersion)

Score
1231.4
1029.2
arry
A238
709.8
447 4
4326
409 5
408 2
3833
3555
344 4
3436
IEEB
3016
208.9
2851
27a3

E-value
]

]

2 Be-2R1
4 Fe-245
8 5e-211
9 Ge-132
27127
2 de-120
Je-120

1 9e-112
4 de-104
9 9e-101
1.7e-100
4 dg-02
7 fe-88
4 Be-B7
G.0e-03
G.1e-80
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